Abstract. We predicted that plants that can establish on volcanic soils with similar disturbance histories will have similar growth characteristics. We tested this prediction by a multivariate analysis of 27 traits of 84 species found six years after an eruption on Mount St. Helens, Washington State, USA, and Mount Usu, Hokkaido, Japan. These traits include vegetative, life-history, phenological and seed-biology characteristics. Cluster analysis revealed five species groups: annual herbs, perennial forbs, graminoids, shrubs and trees. Each group has distinct vegetative, life-history, and seed-biology traits. Except for shrubs, which were lacking on Mount Usu, both floras were well represented in each group. On intensely disturbed sites on both volcanoes, perennial forbs, whose development is dependent primarily on well-developed below-ground organs and wind-dispersal, expanded their cover more rapidly than did graminoids. These graminoids generally produce gravity-dispersed seeds and have close-set rhizomes and/or shoots. These results suggest that species that can establish during the early stages of succession on each volcano have similar vegetative, life-history, and seed-biology traits.
Introduction
Comparisons of plant communities in different regions must depend upon life history characteristics to define plant strategy categories. Plant strategy spectra can be used to infer constraints imposed by the environment (Grime et al. 1988 This study examines species attributes of the vegetation on a volcano in the USA and one in Japan. While the flora of any region is biogeographically determined, disturbances such as those resulting from volcanism strongly condition initial succession patterns (del Moral 1993). Therefore, we predict that the distribution of ecologically equivalent species should be similar within similar disturbance types even on different volcanoes. To test this, we classified species found early in succession on these volcanoes into groups based on life-history and growth form traits. Second, we investigated relationships between these species groups and habitats that received different volcanic damage. Finally, we evaluated the validity of ecological species group traits.
Methods

Study areas
The (Mountford 1962 ) to obtain species groups. Prior to clustering, the data of continuous attributes were logtransformed. A species-to-species similarity matrix based on Jaccard's similarity index (J = c / (a + b -c) was calculated (Jaccard 1902; Zar 1984).
To check which species groups are biased towards the respective mountains, we used a 2 (volcanoes) x 5 (numbers of groups classified by the cluster analysis) cell contingency table. x2 tests were used to assess the differences of the composition of each species group among eight habitats. We tested the bias of the species groups between habitat-types using one-way ANOVA on each volcano (Zar 1984) . 
Results
Characteristics
Relationship between habitats and species groups
The proportion of species in each group differed significantly between the two volcanoes ( Table 2 ). These differences resulted primarily from differences among annuals, shrubs and trees. Annual herbs on Mount St. Helens were represented only by Polygonum kelloggii. On Mount Usu they were more common, particularly in exposed gullies. Shrubs were not sampled on Mount Usu, while trees were rare on Mount St. Helens, even though all plots were well below the climatic tree line.
The frequency of each species group differed significantly among habitats on each volcano ( Table 2 ). The frequency of perennial forbs in the different habitats ranged from 31 to 60 %. Graminoid frequency ranged between 20 to 41 %. Woody species represent 20% of the species, but their abundance was highly variable, from 4 to 38 % among the habitats.
On Mount St. Helens, plant cover in 1986 was greatest at BC, where most plants survived, and moderate at PC, where the few survivors have expanded vegetatively (Table 1 ). Cover at TR was approximately half that of PC. Cover at both MF and SR remained very low. On Mount Usu, cover ranged from 5 to 7% in all habitats. Perennial forbs were the leading dominants in each habitat, while graminoids generally developed no more than intermediate cover in most sites.
Although graminoids, represented primarily by A. diegoensis, were well-established in high-cover habitats, they were sparsely represented in low-cover habitats on Mount St. Helens (Table 1) . Devastated sites were dominated by species producing vigorous underground organs (e.g., Lupinus lepidus, Polygonum newberryi, Polygonum sachalinense and Petasites japonicus). Relative cover of perennial forbs was higher in low-cover habitats. On Mount Usu, the relative cover of graminoids was also lower in more intensely disturbed habitats. Therefore, perennial forbs and graminoids have an inverse relationship along the cover (disturbance) gradient. The establishment sites of annual herbs were restricted to exposed surfaces. Although the establishment patterns of shrubs and trees were unclear, trees did not occur at PC, TR, and shrubs did not occur at E. Neither annuals nor shrubs were common in any habitat, suggesting that their expansion was restricted even if they successfully established. Adaptive strategies that permit early establishment on disturbed sites differ between graminoids and forbs. On more intensely-disturbed sites, forbs are better able to expand their cover than graminoids. This capacity seems to be related to the below-ground systems of the most successful species, because long-distance clonal spreading has a significant advantage in highly disturbed habitats (Fahrig et al. 1994 ). Rapid colonizers usually have long rhizomes that can tolerate disturbance better and occupy soil volumes more quickly than species with close-set rhizomes (Tsuyuzaki 1989 We have detected meaningful species groups that include species from both volcanoes. The dominance hierarchies on the two volcanoes by groups are also similar. Species groups are based on the various traits that form 'syndromes' of related characteristics. Several phenological traits, except for growing season, also appear to be important characteristics of groups. Newly disturbed habitats on volcanoes on two continents impose environmental stresses that can be met only by limited suites of characteristics. Therefore, on a structural-functional basis, initial stages of succession on the two volcanoes display more similarities than differences. 
Discussion
